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(54) PIEZOELECTRIC FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a piezoelectric 
filter which can be miniaturized even when the step 
number of its ladder circuit is increased. 
SOLUTION: The piezoelectric filter 10 includes a 
substrate 30 having holes 34, 36. On a dielectric layer 38 
formed on the substrate 30 t electrodes 40, 42 and a first 
piezoelectric-substance layer 44 are formed. An 
electrode 46 is so formed on the first piezoelectric- 
substance layer 44 as to oppose it to the electrodes 40, 
42. On the first piezoelectric-substance layer 44 and the 
electrode 46, dielectric layers 48, 50 are formed. In the 
positions opposed to the hole 34, an electrode 52, a 
second piezoelectric-substance layer 54, an electrode 
56, and a dielectric layer 58 are formed successively on 
the dielectric layer 48. Above the hole 34, the 
piezoelectric resonators including the stacked first and 
second piezoelectric-substance layers 44, 54 so form 
the series-connection side of a T-type ladder circuit, 
and the piezoelectric resonator including the first 

piezoelectric-substance layer 44 which is formed above the hole 36 so forms the parallel- 
connection side of the T-type ladder circuit as to configure the piezoelectric filter including the 
T-type ladder circuit. 
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(57) [Abstract] 

[Technical problem] Even if the number of stages of a ladder increases, 
the piezo-electric filter which can be made small is obtained. 
[Means for Solution] The piezo-electric filter 10 contains the substrate 
30 which has holes 34 and 36. On the dielectric layer 38 formed on the 
substrate 30, electrodes 40 and 42 and the 1st piezo electric crystal 
layer 44 are formed. An electrode 46 is formed on the 1st piezo electric 
crystal layer 44, and electrodes 40 and 42 are made to counter. 
Dielectric layers 48 and 50 are formed on the 1st piezo electric crystal 
layer 44 and an electrode 46. In the location corresponding to a hole 34, 
sequential formation of an electrode 52, the 2nd piezo electric crystal 
layer 54, an electrode 56, and the dielectric layer 58 is carried out on 
a dielectric layer 48. Series connection of the piezo resonator 
containing the 1st piezo electric crystal layer 44 and the 2nd piezo 
electric crystal layer 54 which were accumulated on the hole 34 is 
carried out, parallel connection of the piezo resonator containing the 



1st piezo electric crystal layer 44 formed on the hole 36 is carried out, 
and the piezo-electric filter which has T mold ladder is formed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the piezo-electric filter with which it has the 
structure where were the piezo-electric filter which connected two or 
more piezo resonators using thickness longitudinal oscillation or 
thickness skid vibration to the ladder mold, and said each piezo 
resonator has the structure where the electrode was formed in both sides 
of a piezo electric crystal, and said a part of two or more piezo 
resonators [ at least 2 or more sets of ] were accumulated in the 
thickness direction. 



[Claim 2] The piezo-electric filter according to claim 1 which is a 
piezo-electric filter formed by carrying out cascade connection of the 
ladder of said piezo resonator, and has the structure where at least two 
or more of said piezo resonators which constitute said ladder of said 
piezo resonator by the side of a serial were accumulated. 
[Claim 3] The piezo-electric filter according to claim 1 which is a 
piezo-electric filter formed by carrying out cascade connection of the 
ladder of said piezo resonator, and has the structure where at least two 
or more of said piezo resonators which constitute said ladder of said 
piezo resonator by the side of juxtaposition were accumulated. 
[Claim 4] The piezo-electric filter according to claim 1 to 3 with which 
it consisted of combination of the resonator of plurality at least one 
or more of said piezo resonator by the side of a serial among said piezo 
resonators which constitute said ladder, and at least two or more of the 
resonators were accumulated. 

[Claim 5] The piezo-electric filter according to claim 1 to 4 with which 
it consisted of combination of the resonator of plurality at least one 
or more of said piezo resonator by the side of juxtaposition among said 
piezo resonators which constitute said ladder, and at least two or more 
of the resonators were accumulated. 

[Claim 6] Said piezo resonator is a piezo-electric filter according to 
claim 1 to 5 which is the piezo resonator which used the higher mode of 
thickness longitudinal oscillation or thickness skid vibration, and has 
been arranged so that said piezo electric crystal may include the 
location of the knot of vibration. 

[Claim 7] Said piezo resonator is a piezo resonator using the n-th mode 
(n is the natural number) of thickness longitudinal oscillation or 
thickness skid vibration. That the flat-surface configuration of said 
electrode which counters through said piezo electric crystal is circular, 
or when it is the configuration of the arbitration which connotes a 
round shape and thickness of said piezo electric crystal [ in / for said 
circular radius / r and the opposite section of said electrode ] is set 
to t, The piezo-electric filter according to claim 1 to 6 characterized 
by said radius r being in the range of r>=20 t/n. 
[Claim 8] The piezo-electric filter according to claim 4 or 5 
characterized by at least two or more resonance frequency of two or more 
resonators which constitute said each piezo resonator differing slightly. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the piezo- 
electric filter which connected two or more piezo resonators to the 
ladder mold about a piezo-electric filter. 
[0002] 

[Description of the Prior Art] When forming the piezo-electric filter 1 
using a piezo resonator, as shown in drawing 10 , two or more piezo 
resonators 2 are connected to a ladder mold at a serial and 
juxtaposition. In this case, two or more piezo resonators 2 are formed 
according to the individual on one substrate 3, as shown in drawing 11 . 
That is, a dielectric layer 4 is formed on a substrate 3, and two or 
more electrodes 5 are formed on a dielectric layer 4. And the piezo 
electric crystal layer 6 is formed on these electrodes 5, and another 
electrode 7 is further formed on the piezo electric crystal layer 6. And 
a dielectric layer 8 is formed on an electrode 7, and two or more piezo 
resonators 2 are formed on a substrate 2. These piezo resonators 2 are 
connected to a ladder mold as shown in drawing 10 , and the piezo- 
electric filter 1 is constituted. 
[0003] 

[Problem (s) to be Solved by the Invention] However, when a piezo- 
electric filter is formed using such a piezo resonator, it is necessary 
to form on a substrate a number of piezo resonators which constitute a 
piezo-electric filter. Therefore, there was a problem that a component 
was enlarged, so that the number of stages of a ladder increased. 
[0004] So, even if the number of stages of the main purpose of this 
invention of a ladder increases, it is offering the piezo-electric 
filter which can be made small. 
[0005] 



[Means for Solving the Problem] This invention is the piezo-electric 
filter which connected two or more piezo resonators using thickness 
longitudinal oscillation or thickness skid vibration to the ladder mold, 
and each piezo resonator is a piezo-electric filter with which it has 
the structure where the electrode was formed in both sides of a piezo 
electric crystal, and a part of two or more piezo resonators have the 
structure accumulated in the thickness direction at least 2 or more sets. 
In such a piezo-electric filter, it is the piezo-electric filter formed 
by carrying out cascade connection of the ladder of a piezo resonator, 
and can consider as the structure where at least two or more of the 
piezo resonators which constitute a ladder of the piezo resonator by the 
side of a serial were accumulated. Moreover, it is the piezo-electric 
filter formed by carrying out cascade connection of the ladder of a 
piezo resonator, and is good also as structure where at least two or 
more of the piezo resonators which constitute a ladder of the piezo 
resonator by the side of juxtaposition were accumulated. Furthermore, it 
is good also as structure where consisted of combination of the 
resonator of plurality at least one or more of the piezo resonator by 
the side of a serial among the piezo resonators which constitute a 
ladder, and at least two or more of the resonators were accumulated. 
Moreover, it is good also as structure where consisted of combination of 
the resonator of plurality at least one or more of the piezo resonator 
by the side of juxtaposition among the piezo resonators which constitute 
a ladder, and at least two or more of the resonators were accumulated. 
Furthermore, in such a piezo-electric filter, a piezo resonator is a 
piezo resonator which used the higher mode of thickness longitudinal 
oscillation or thickness skid vibration, and it is desirable to be 
arranged so that a piezo electric crystal may include the location of 
the knot of vibration. Moreover, in such a piezo-electric filter, a 
piezo resonator is a piezo resonator using the n-th mode (n is the 
natural number) of thickness longitudinal oscillation or thickness skid 
vibration, it is the configuration of the arbitration which connotes a 
round shape, and when thickness of a piezo electric crystal [ in / for a 
circular radius / r and the opposite section of an electrode ] is set to 
t, it is desirable [ a piezo resonator ] that the flat-surface 
configuration of the electrode which counters through a piezo electric 
crystal is circular, or that a radius r is in the range of r>=20t/n. 
Furthermore, you may make it at least two or more resonance frequency of 
two or more resonators which constitute each piezo resonator from two or 
more resonators in the piezo-electric filter which constituted the piezo 
resonator by the side of a serial and the piezo resonator by the side of 



juxtaposition differ slightly. 

[0006] By accumulating 2 or more sets of piezo resonators in the 
thickness direction, superficial magnitude of a substrate can be made 
small compared with the case where all piezo resonators are arranged 
according to an individual on a flat surface. For example, with the 
piezo-electric filter which carried out cascade connection of the T mold 
ladder, the piezo resonator by the side of a serial is accumulated among 
the piezo resonators which constitute T mold ladder. Moreover, with the 
piezo-electric filter which carried out cascade connection of the pi 
mold ladder, the piezo resonator by the side of juxtaposition is 
accumulated among the piezo resonators which constitute pi mold ladder. 
Furthermore, in T mold ladder or pi mold ladder, at least one or more 
can be constituted from two or more resonators of the piezo resonator by 
the side of a serial, or the piezo resonator by the side of 
juxtaposition, and at least two or more of the resonators can be 
accumulated and formed in that case. By arranging so that the location 
of the knot of vibration by the piezo electric crystal may be included 
as a piezo resonator using what used the higher mode of thickness 
longitudinal oscillation or thickness skid vibration, effect of 
vibration produced by resonance can be made small, and the piezo- 
electric filter which has a good property can be obtained. In the piezo 
resonator in which the counterelectrode was formed to both sides of a 
piezo electric crystal, in the frequency characteristics of an impedance, 
when thickness of the piezo electric crystal of r and the electrode 
opposite section is set to t for the radius of a circular electrode, it 
turns out that principal vibration and spurious vibration separate, so 
that r/t becomes small, and spurious vibration approaches principal 
vibration, so that r/t becomes large. Then, you are going to make it 
resonate certainly in the frequency of principal vibration by 
centralizing spurious vibration near the principal vibration by 
enlarging the diameter of an electrode enough. When using vibration of 
the n-th mode at this time, it can be made to resonate certainly in the 
frequency of principal vibration by considering as the range of r>=20 
t/n. In addition, when each of the piezo resonator by the side of a 
serial or the piezo resonator by the side of juxtaposition is 
constituted from two or more resonators, you may make it the resonance 
frequency of those resonators differ slightly. 

[0007] The above-mentioned purpose of this invention, the other purposes, 
the description, and an advantage will become still clearer from 
detailed explanation of the gestalt of implementation of the following 
invention performed with reference to a drawing. 



[0008] 

[Embodiment of the Invention] Drawing 1 is the circuit diagram showing 
an example of the piezo-electric filter of this invention. The piezo- 
electric filter 10 contains two piezo resonators 12 and 14 by which 
series connection was carried out. The connection of these piezo 
resonators 12 and 14 is grounded through another piezo resonator 16. And 
a piezo resonator 12 is connected to the input edge 18, a piezo 
resonator 16 is connected to an outgoing end 20, and the piezo-electric 
filter 10 of T mold is constituted. 

[0009] Such a piezo-electric filter 10 contains the {100} Si substrate 
30, as shown in drawing 2 . A dielectric layer 32 is formed in the one 
direction of a substrate 30, and holes 34 and 36 are formed in a 
dielectric layer 32 and a substrate 30. Furthermore, all over the 
another side side of a substrate 30, as holes 34 and 36 are covered, a 
dielectric layer 38 is formed. 

[0010] Two electrodes 40 and 42 are formed on a dielectric layer 38. One 
electrode 40 is formed so that it may extend on a hole 34 from the end 
side of a substrate 30. Moreover, the electrode 42 of another side is 
formed so that it may extend on a hole 36 from the other end side of a 
substrate 30. On these electrodes 40 and 42 and a dielectric layer 38, 
the 1st piezo electric crystal layer 44 is formed. The 1st piezo 
electric crystal layer 44 is formed so that hole 34 and 36 top may be 
covered. 

[0011] An electrode 46 is formed on the 1st piezo electric crystal layer 
44. An electrode 46 is formed so that the location corresponding to the 
center section of the holes 34 and 36 may be connected. Therefore, in 
the location corresponding to the center section of the hole 34, it is 
formed so that electrodes 40 and 46 may counter on both sides of the 1st 
piezo electric crystal layer 44. Moreover, in the location corresponding 
to the center section of the hole 36, it is formed so that electrodes 42 
and 46 may counter on both sides of the 1st piezo electric crystal layer 
44. 

[0012] Furthermore, a dielectric layer 48 is formed on the 1st piezo 
electric crystal layer 44 and an electrode 46 on a hole 34. Moreover, a 
dielectric layer 50 is formed on the 1st piezo electric crystal layer 44 
and an electrode 46 on a hole 36. An electrode 52 is formed on a 
dielectric layer 48, and this electrode 52 is connected to an electrode 
46 among dielectric layers 48 and 50. 

[0013] On an electrode 52, the 2nd piezo electric crystal layer 54 is 
formed. Furthermore, an electrode 56 is formed on the 2nd piezo electric 
crystal layer 54. And in the location corresponding to the center 



section of the hole 34, it is formed so that electrodes 52 and 56 may 
counter on both sides of the 2nd piezo electric crystal layer 54. 
Moreover, a dielectric layer 58 is formed on an electrode 56. 
[0014] As an ingredient of dielectric layers 32, 38, 48, 50, and 58, 
Si02, SiN, Pyrex (trademark), an alumina, etc. are used, for example. 
Moreover, as an ingredient of the piezo electric crystal layers 44 and 
54, ZnO, A1N, barium titanate, titanic-acid lead zirconate, etc. are 
used, for example. Moreover, as an ingredient of electrodes 40, 42, 46, 
52, and 56, aluminum, Au, Ag, Cu, etc. are used, for example. Holes 34 
and 36 are formed by removing some substrates 30 by approaches, such as 
anisotropic etching and RIE. Thus, the piezo resonator of diaphragm 
structure is formed on a hole 34 and 36, the electrode opposite section 
turns into the oscillating section, and it vibrates with the resonance 
frequency corresponding to the thickness of the oscillating section. 
[0015] With this piezo-electric filter 10, an electrode 40 is used as an 
input edge 18, an electrode 56 is used as an outgoing end 20, and an 
electrode 42 is used as an object for touch-down. By considering as such 
structure, the piezo-electric filter 10 of T mold as shown in drawing 1 
is formed. With the piezo-electric filter 10 of the structure shown in 
drawing 2 , the piezo resonators 12 and 14 to which series connection of 
the T mold circuit was carried out are formed so that it may be put on a 
hole 34. 

[0016] When a piezo-electric filter as shown in drawing 1 using the 
piezo resonator of the conventional diaphragm mold was formed, three 
holes were formed in the substrate, the piezo resonator was formed on 
each hole, and it connected with the ladder mold. Since it is formed so 
that the piezo resonators 12 and 14 by which series connection was 
carried out with this piezo-electric filter 10 to it may be accumulated, 
three piezo resonators 12, 14, and 16 can be formed on two holes 34 and 
36. Therefore, compared with the conventional piezo-electric filter, it 
can consider as two thirds of chip sizes. 

[0017] In the case of such a piezo-electric filter 10 of structure, 
thickness longitudinal oscillation or thickness skid vibration is used, 
and the resonator of energy ****** type is formed in the electrode 
opposite parts of the 1st piezo electric crystal layer 44 and the 2nd 
piezo electric crystal layer 54. In the case of the piezo-electric 
filter 10 of structure as especially shown in drawing 2 , by arranging 
the piezo electric crystal layers 44 and 54 in the location of the knot 
of vibration produced in resonance using 2 double wave of thickness 
longitudinal oscillation or thickness skid vibration, the effect by 
vibration produced in resonance decreases, and it can consider as the 



piezo-electric filter which has a good property. 
[0018] In addition, although the piezo-electric filter 10 shown in 
drawing 1 and drawing 2 is one step of ladder filter, it is good also as 
a ladder filter which carried out cascade connection of two or more such 
circuits. In this case, two or more piezo resonators to which parallel 
connection of the two or more piezo resonators by which series 
connection is carried out is accumulated and carried out can also be 
accumulated, and the miniaturization of a component can be attained 
compared with the case where all piezo resonators are formed according 
to an individual. In this case, the piezo-electric filter 10 which has a 
good property can be obtained by arranging a piezo electric crystal 
layer in the location of the knot of vibration produced by resonance 
using the n-th thickness longitudinal oscillation (n= 1, 2, ... integer) 
or thickness skid vibration. 

[0019] Moreover, as shown in drawing 3 , the piezo-electric filter 10 of 
pi mold can also be formed. With this piezo-electric filter 10, the 
serial piezo resonator 60 is connected between the input edge 18 and an 
outgoing end 20. Moreover, the input edge 18 is grounded through a piezo 
resonator 62, and an outgoing end 20 is grounded through a piezo 
resonator 64. 

[0020] As structure of such a piezo-electric filter 10, as shown in 
drawing 4 , an electrode 70 is formed on the dielectric layer 38 formed 
on the substrate 30. An electrode 70 is formed so that it may extend 
from the edge by the side of a hole 34 to the location corresponding to 
the center section of the hole 36. On an electrode 70 and a dielectric 
layer 38, the 1st piezo electric crystal layer 72 is formed. Two 
electrodes 74 and 76 are formed on the 1st piezo electric crystal layer 
72. One electrode 74 is formed in the location corresponding to the 
center section of the hole 34. Moreover, the electrode 76 of another 
side is formed so that it may be pulled out by the edge of the 1st piezo 
electric crystal layer 72 from the location corresponding to the center 
section of the hole 36. Therefore, in the location corresponding to the 
center section of the hole 34, it is formed so that electrodes 70 and 74 
may counter on both sides of the 1st piezo electric crystal layer 72. 
Moreover, in the location corresponding to the center section of the 
hole 36, it is formed so that electrodes 70 and 76 may counter on both 
sides of the 1st piezo electric crystal layer 72. 

[0021] Furthermore, a dielectric layer 78 is formed on electrodes 74 and 
76 and the 1st piezo electric crystal layer 72. An electrode 80 is 
formed in the location corresponding to the center section of the hole 
36 on this dielectric layer 78. This electrode 80 is connected to an 



electrode 76 through the edge of a dielectric layer 78. And in the 
location corresponding to the center section of the hole 36, the 2nd 
piezo electric crystal layer 82 is formed on an electrode 80 and a 
dielectric layer 78. Furthermore, in the location corresponding to the 
center section of the hole 36, an electrode 84 is formed on the 2nd 
piezo electric crystal layer 82. Therefore, the 2nd piezo electric 
crystal layer 82 is pinched, and it is formed so that electrodes 80 and 
84 may counter. And a dielectric layer 86 is formed on the 2nd piezo 
electric crystal layer 82 and an electrode 84. 

[0022] With such a piezo-electric filter 10 of structure, an electrode 
70 is used as an input edge 18, and electrodes 74 and 84 are used as an 
outgoing end 20. Moreover, electrodes 76 and 80 are used as an object 
for touch-down. Also in such a piezo-electric filter 10, since it has 
the structure where the piezo resonators 62 and 64 connected to 
juxtaposition were accumulated, it can consider as a small component. 
[0023] Also in such a piezo-electric filter 10, the piezo-electric 
filter of a good property can be obtained by arranging the piezo 
electric crystal layers 72 and 82 in the location of the knot of 
vibration produced in resonance using 2 double wave of thickness 
longitudinal oscillation or thickness skid vibration. Moreover, it is 
good also as a piezo-electric filter which carried out cascade 
connection of two or more pi mold ladders. Also in this case, like the 
above-mentioned, series connection or two or more resonators by which 
parallel connection was carried out can be accumulated, and a 
miniaturization can be attained rather than it forms according to an 
individual. Moreover, it is desirable to arrange each piezo electric 
crystal layer in this case in the location of the knot of vibration 
produced in resonance using the thickness longitudinal oscillation in 
the n-th mode or thickness skid vibration. As mentioned above, although 
the example of T mold and pi mold ladder filter was shown, also in n 
steps (n= 1, 2, — integer) of L type ladder filters, series connection 
or the piezo resonator by which parallel connection was carried out may 
be accumulated. 

[0024] Moreover, as shown in drawing 5 , in the piezo-electric filter 10 
of T mold, each of the piezo resonators 12 and 14 by the side of a 
serial and the piezo resonator 16 by the side of juxtaposition may 
consist of series circuits of two or more resonators. Of course, the 
piezo resonator which is not a series circuit by two or more resonators 
may also be intermingled. Moreover, not only the series circuit of two 
or more resonators but a parallel circuit may be intermingled. A piezo 
resonator 12 consists of two resonators 12a and 12b, a piezo resonator 



14 consists of two resonators 14a and 14b, and the piezo resonator 16 is 
constituted from this piezo-electric filter 10 by two resonators 16a and 
16b. 

[0025] As structure of such a piezo-electric filter 10, as shown in 
drawing 6 , three holes 90, 92, and 94 are formed in a substrate 30. As 
these holes 90, 92, and 94 are covered, a dielectric layer 38 is formed 
on a substrate 30. In the location corresponding to holes 90, 92, and 94, 
electrodes 96 and 98, 100 are formed on a dielectric layer 38. On these 
electrodes 96, 98, 100, and a dielectric layer 38, the 1st piezo electric 
crystal layer 102, the 2nd piezo electric crystal layer 104, and the 3rd 
piezo electric crystal layer 106 are formed. 

[0026] On the 1st piezo electric crystal layer 102, the 2nd piezo 
electric crystal layer 104, and the 3rd piezo electric crystal layer 106, 
an electrode 108, 110, 112 is formed, respectively. In the location 
corresponding to the center section of the holes 90, 92, and 94, these 
electrode 108,110,112 and electrodes 96 and 98,100 are formed, 
respectively so that it may counter through the piezo electric crystal 
layer 102, 104, 106. 

[0027] Furthermore, a dielectric layer 114,116,118 is formed on an 
electrode 108,110,112 and the piezo electric crystal layer 102,104,106. 
On these dielectric layers 114,116,118, an electrode 120,122,124 is 
formed, respectively. Each of these electrodes 120, 122, 124 passes along 
the side face of a dielectric layer 114,116,118, and is connected to an 
electrode 108, 110, 112. 

[0028] Moreover, on an electrode 120, 122, 124 and a dielectric layer 
114,116,118, the 4th piezo electric crystal layer 126, the 5th piezo 
electric crystal layer 128, and the 6th piezo electric crystal layer 130 
are formed. Furthermore, an electrode 132, 134, 136 is formed on these 
piezo electric crystal layers 126, 128, 130. In the location corresponding 
to the center section of the holes 90, 92, and 94, these electrodes 
132, 134, 136 and electrodes 120, 122, 124 are formed, respectively so that 
it may counter through the piezo electric crystal layer 126, 128, 130. And 
three electrodes 132, 134, 136 of each other are connected. 
[0029] With such a piezo-electric filter 10, an electrode 96 is used as 
an input edge 18, and an electrode 100 is used as an outgoing end and 20. 
Moreover, an electrode 98 is used as an object for touch-down. In such a 
piezo-electric filter 10, two resonators 12a and 12b which constitute 
the piezo resonator 12 by the side of a serial are formed on a hole 90, 
and two resonators 14a and 14b which constitute a piezo resonator 14 are 
formed on a hole 94. Moreover, the piezo resonators 16a and 16b which 
constitute the piezo resonator 16 by the side of juxtaposition are 



formed on a hole 92. 

[0030] With such a piezo-electric filter 10, the tooth space of the 
resonator formation section can be set to one half compared with the 
case where each resonators 12a, 12b, 14a, 14b, 16a, and 16b are formed 
on the hole according to individual. Thus, when it constitutes the piezo 
resonator by the side of the serial of a ladder, and juxtaposition from 
two or more resonators, it can consider as a small component by 
accumulating two or more resonators. 

[0031] In addition, when it constitutes the piezo resonator by the side 
of the serial of the ladder of T mold, and juxtaposition from two or 
more resonators, as shown in drawing 7 , each piezo resonators 12, 14, 
and 16 may be constituted by connecting two or more resonators to 
juxtaposition. Of course, the piezo resonator from which any one or more 
are not a parallel circuit by two or more resonators of piezo resonators 
12, 14, and 16 may also be intermingled. Moreover, not only the parallel 
circuit of two or more resonators but a series circuit may be 
intermingled. Furthermore, also in the ladder of pi mold, each piezo 
resonators 60, 62, and 64 can consist of two or more resonators 60a, 60b, 
62a, 62b, 64a, and 64b. In this case, as shown in drawing 8 , by 
connecting two or more resonators to a serial, each piezo resonators 60, 
62, and 64 may be constituted, and as shown in drawing 9 , each piezo 
resonators 60, 62, and 64 may be constituted by connecting two or more 
resonators to juxtaposition. Even if it is the piezo-electric filter 10 
which has such a pi mold ladder, it can consider as a small piezo- 
electric filter by accumulating two or more resonators which constitute 
each piezo resonator 60, 62, and 64. Thus, if the resonance frequency of 
two or more resonators which constitute each piezo resonator is made to 
differ slightly when forming each piezo resonator by two or more 
resonators, since the spurious location (frequency) of each resonator 
will shift slightly, if these resonators are connected, it can make 
spurious one of a piezo resonator small seemingly. 

[0032] Also in the piezo-electric filter 10 which constituted the piezo 
resonator from such two or more resonators, the piezo-electric filter of 
a good property can be obtained by arranging the piezo electric crystal 
layers 102, 104, and 106, 126, 128, 130 in the location of the knot of 
vibration produced in resonance using 2 double wave of thickness 
longitudinal oscillation or thickness skid vibration. Moreover, cascade 
connection of two or more T mold ladders or pi mold ladders is carried 
out, and it cannot be overemphasized that it is good also as two or more 
steps of piezo-electric filters. Moreover, when it constitutes a piezo 
resonator from two or more accumulated resonators, it is desirable to 



arrange each piezo electric crystal layer in the location of the knot of 
vibration produced in resonance using the thickness longitudinal 
oscillation in the n-th mode (n= 1, 2, ... integer) or thickness skid 
vibration. 

[0033] In the piezo-electric filter 10 using the n-th mode of such 
thickness longitudinal oscillation or thickness skid vibration, it is 
the configuration of the arbitration which connotes a round shape, and 
when thickness of a piezo electric crystal [ in / for a circular radius 
/ r and the opposite section of an electrode ] is set to t, it is 
desirable that the flat-surface configuration of the electrode which 
counters through a piezo electric crystal layer is circular, or that a 
radius r is in the range of r>=20t/n. 

[0034] In the piezo resonator which formed the counterelectrode in the 
piezo electric crystal layer, in the frequency characteristics of an 
impedance, when thickness of the piezo electric crystal layer of r and 
the electrode opposite section is set to t for the radius of a circular 
electrode, it turns out that principal vibration and spurious vibration 
separate, so that r/t becomes small, and spurious vibration approaches 
principal vibration, so that r/t becomes large. Although he was trying 
to separate spurious vibration from principal vibration by making the 
diameter of an electrode small, you are going to make it resonate 
certainly in the frequency of principal vibration by centralizing 
spurious vibration near the principal vibration by enlarging the 
diameter of an electrode enough with this piezo-electric filter 10 
conventionally. 

[0035] Thus, an impedance can be made small by enlarging the diameter of 
an electrode, and moreover, since spurious vibration concentrates near 
the principal vibration, it can be made to resonate certainly in the 
frequency of principal vibration. When the radius r of the electrode 
which can acquire such effectiveness set thickness of the piezo electric 
crystal layer of the opposite section of an electrode to t, and 
vibration of the n-th mode (n= 1, 2, ... integer) was used, and it was 
in the range of r>=20 t/n, it was confirmed experimentally that the 
above effectiveness is acquired. 
[0036] 

[Effect of the Invention] According to this invention, in the piezo- 
electric filter using the ladder of a piezo resonator, it can consider 
as a small piezo-electric filter by considering as the structure which 
accumulated a part of piezo resonators. At this time, it can consider as 
the piezo-electric filter which has a good property by using the n-th 
mode (n= 1, 2, ... integer) of thickness longitudinal oscillation or 



thickness skid vibration, and arranging the piezo electric crystal layer 
of a piezo resonator in the location of the knot of vibration produced 
by resonance. Moreover, when setting thickness of the piezo electric 
crystal layer of r and the opposite section of an electrode to t for the 
radius of an electrode and using vibration of the n-th mode (n= 1, 2, 
integer), it can consider as the piezo-electric filter which has a good 
property with little effect of spurious vibration by considering as the 
range of r>=20t/n. Furthermore, by forming a piezo resonator by two or 
more resonators, and shifting the resonance frequency of each resonator 
slightly, spurious one of a piezo resonator can be made small and it can 
consider as a piezo-electric filter with little effect of spurious one. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing an example of the piezo- 
electric filter of this invention. 

[Drawing 2] It is the sectional view solution Fig. showing the structure 
of the piezo-electric filter shown in drawing 1 . 
[Drawing 3] It is the circuit diagram showing other examples of the 
piezo-electric filter of this invention. 

[Drawing 4] It is the sectional view solution Fig. showing the structure 
of the piezo-electric filter shown in drawing 3 . 

[Drawing 5] In the piezo-electric filter using T mold ladder, it is the 
circuit diagram showing the example which constituted each piezo 
resonator from two series resonance children. 

[Drawing 6] It is the sectional view solution Fig. showing the structure 
of the piezo-electric filter shown in drawing 5 . 

[Drawing 7] In the piezo-electric filter using T mold ladder, it is the 



circuit diagram showing the example which constituted each piezo 
resonator from two parallel resonance children. 

[Drawing 8] In the piezo-electric filter using pi mold ladder, it is the 
circuit diagram showing the example which constituted each piezo 
resonator from two series resonance children. 

[Drawing 9] In the piezo-electric filter using pi mold ladder, it is the 
circuit diagram showing the example which constituted each piezo 
resonator from two parallel resonance children. 

[Drawing 10] It is the circuit diagram showing an example of the piezo- 
electric filter used as the background of this invention. 
[Drawing 11] It is the sectional view solution Fig. showing an example 
of the conventional structure of the piezo-electric filter shown in 
drawing 10 . 

[Description of Notations] 
10 Piezo-electric Filter 
12, 14, 16 Piezo resonator 
30 Substrate 

32, 38, 48, 50, 58 Dielectric layer 
34 36 Hole 

40, 42, 46, 52, 56 Electrode 

44 1st Piezo Electric Crystal Layer 

54 2nd Piezo Electric Crystal Layer 

60, 62, 64 Piezo resonator 

70, 74, 76, 80, 84 Electrode 

72 1st Piezo Electric Crystal Layer 

78 86 Dielectric layer 

82 2nd Piezo Electric Crystal Layer 

96 98, 100 Electrode 

102 1st Piezo Electric Crystal Layer 

104 2nd Piezo Electric Crystal Layer 

106 3rd Piezo Electric Crystal Layer 

108, 110, 112 Electrode 

114,116,118 Dielectric layer 

120, 122, 124 Electrode 

126 4th Piezo Electric Crystal Layer 

128 5th Piezo Electric Crystal Layer 

130 6th Piezo Electric Crystal Layer 

132, 134, 136 Electrode 
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